Of 2144 patients age 65 years or older entered into the registry of the Coronary Artery Surgery Study (CASS) who had coronary arteriography, 1086 underwent isolated coronary artery bypass grafting. Complications of angiography included death in four patients and nonfatal myocardial infarction in 17. Eight patients suffered neurologic complications, which were transient in five. The perioperative mortality was 5.2% (57 of 1086), which is significantly greater than the perioperative mortality of 1.9% (151 of 7827) in patients younger than 65 years entered in CASS (p < 0.001). There was a trend toward an increased mortality rate with age; it was 4.6% (37 of 803) in patients age 65-69 years, 6.6% (16 of 241) in those 70-74 years and 9.5% (four of 42) in those 75 years or older. The duration of hospital stay after operation was significantly longer for the patients 65 years or older than for the patients younger than 65 (13.3 vs 11.4 days; p < 0.001). Stepwise linear discriminant analysis identified five variables predictive of perioperative mortality: presence of 70% or more stenosis of the left main coronary artery and a leftdominant circulation, left ventricular end-diastolic pressure, a history of current cigarette smoking, pulmonary rales on auscultation, and presence of one or more associated medical diseases. A second linear discriminant analysis, incorporating 7658 CASS patients who underwent isolated coronary artery bypass surgery irrespective of age, examined whether age 65 years or older was an independent predictor of perioperative mortality. The variables selected, in order of significance, were congestive cardiac failure score, left main coronary artery stenosis and a left-dominant circulation, age 65 years or older, left ventricular wall motion score, sex and history of unstable angina pectoris. In patients 65 years or older, the mortality from coronary arteriography is low, whereas mortality from coronary artery bypass surgery is greater than that in CASS patients younger than 65 years.
multiinstitutional study integrating a large number of patients and a uniform system of collecting and analyzing data, provides a unique opportunity to evaluate the impact of coronary artery bypass surgery in different age groups.
The study reported here was designed to evaluate the CASS experience specifically, the morbidity and mortality of coronary arteriography and the mortality of bypass surgery in elderly patients (defined as age 65 years or older). A further objective was to determine whether the duration of hospitalization, with its attendant economic implications, differed in elderly patients from that in patients younger than 65 years.
Materials and Methods
The multicenter CASS series includes a group of patients who were randomized to medical or surgical 483 NO 3 1983 treatment of coronary artery disease, in addition to a large registry of patients who underwent coronary arteriography for suspected coronary artery disease between July 1974 and June 1979. Full details of the design of the study, definition of terms, methods of data collection, and quality control have been described. ' 4 15 Coronary Arteriographic Analysis Coronary arteriography was performed by the brachial or femoral approach. Coronary artery stenosis of at least 70% of the luminal diameter in any view was considered significant for this report. Stenoses of large diagonal and marginal branches were considered to be lesions of the left anterior descending and circumflex vessels, respectively. Stenosis of 50% or more of the left main coronary artery was declared significant. In a right-dominant system, such a lesion of the left main coronary artery was classified as two-vessel disease and in a left-dominant system as three-vessel disease.
In another method used to analyze the extent of coronary artery disease, the coronary vasculature was divided into 27 segments and the total number of stenosed segments with luminal narrowing of 50% or more was tabulated. In addition, a weighted coronary artery disease score (modified from Gensini) was used.'6' 17
Ventriculographic Analysis
The left ventricular end-diastolic pressure was measured before angiography. Ejection fraction was measured in single-plane or biplane exposures by the arealength method'8 or by using techniques prevailing in the individual laboratories.
Left ventricular wall motion abnormalities were assessed from a 30°right anterior oblique view, in which the cardiac silhouette was divided into five segments. Motion in each segment was graded from 1 to 6: 1 = normal, 2 = moderate hypokinesia, 3 = severe hypokinesia, 4 = akinesia and 5 = dyskinesia. A segment considered to be truly aneurysmal was assigned a score of 6. The overall left ventricular wall motion score was determined by adding the values for each segment; thus, a combined score of 5 indicates normal ventricular function.
Patients Arteriography
A total of 2144 patients, ages 65 years or older, underwent diagnostic coronary arteriography between July 1974 and June 1979 (1446 men and 698 women). Patients who had undergone bypass surgery previously were excluded from this analysis. The mean age was 68 years (range 65-84 years); 1549 patients (72%) were younger than 70 years and 595 (28%) were 70-84 years. Eight hundred eighty-two patients (41%) had unstable angina.
Of the 2144 patients who underwent coronary angiography, 992 (47%) had three-vessel disease, 488 (23%) two-vessel disease, 328 (15%) one-vessel disease, and 328 (15%) had no coronary obstructive disease according to the criteria described earlier. Steno-sis of the left main coronary artery of 70% or more was present in 182 patients (9%) and stenosis of 50% or more in 294 (14%).
Five hundred sixty-six patients (42%) had a cardiothoracic ratio of 0.50 or greater and 481 (23%) had a left ventricular end-diastolic pressure of 20 mm Hg or more. Among those in whom ejection fraction could be measured, 435 (28%) had an ejection fraction of less than 50% and 154 (10%) less than 35%. The left ventricular wall motion score was normal in 821 patients (40%).
Coronary Artery Bypass Surgery
Of the 2144 patients who had angiography, 948 were treated medically and 1196 underwent coronary artery bypass surgery. Among the patients undergoing operation, 110 had additional cardiac surgical procedures in conjunction with bypass grafting and were excluded from further analysis of surgical results in this series. The surgical group, therefore, included 1086 patients who underwent coronary artery bypass surgery alone (between July 1974 and November 1980); their characteristics are summarized in table 1. No patients had had previous coronary artery bypass surgery. The primary symptom in 1040 patients (95.8%) was angina pectoris; the angina was graded in severity from 0 to IV according to the Canadian Cardiovascular criteria.'9 A further category incorporated patients with angina exclusively unrelated to exertion. Eight patients (0.7%) were asymptomatic. There were obvious differences in the clinical, arteriographic and hemodynamic characteristics of this group compared with the 7827 CASS patients younger than 65 years of age (table 2) .
Surgical priority was assigned by the surgeon on the day of the procedure. In general, emergency procedures were performed on the same day as coronary arteriography, and urgent procedures were usually performed within 1-6 days of coronary arteriography; the remaining procedures were categorized as elective. Surgery was elective in 773 patients (71%), urgent in 240 (22%), and undertaken as an emergency in 73 (7%). Perioperative mortality was defined as death within 30 days of operation.
Surgical Techniques
Individual saphenous vein grafts, sequential vein grafts, and internal mammary artery grafts were used. Anesthetic management and intraoperative techniques varied among the participating institutions. An average of 2.6 grafts were placed per patient, compared with 2.4 per patient in the age group younger than 65 years. One hundred twenty-seven patients (13%) received four or more grafts, 447 (44%) three grafts, 356 (35%) two grafts, and 84 (8%) one graft. The mean number of distal anastomoses per patient was 2.9.
Statistical Analysis
Univariate analysis of discrete variables was performed using the chi-square test. Continuous variables were analyzed by using the two-sample t test. wean the patient from bypass and may be the first manifestation of impending death, whereas the priority may be related to acute complications occurring at the time of catheterization that directly precipitated the emergency procedure. Results
Angiographic Complications
Major complications related to coronary angiography were defined as those that occurred on the day of the procedure (table 4) . Arterial thrombosis, hematoma and thrombophlebitis were included as complications only if they required operation, prolonged the hospital stay, or caused a residual pulse deficit or subsequent symptoms. In patients age 65 years or older, the overall incidence of major complications and the mortality were low, but the mortality and the incidence of nonfatal myocardial infarction, arterial embolism, and neurologic complications were significantly higher than those in 17,165 CASS patients younger than 65 years. 746 69
Mortality of Surgery 597 55
The overall early mortality as defined was 5.2% (57 of 1086 patients), which is significantly greater (p < 124 11 0.001) than the mortality of 1.9% (151 of 7827) in 293 27 patients entered into the CASS registry who were younger than 65 years. Within the group of older pa-660 61 tients, the mortality appeared to be greater with increasing age, although tnis difference was not statisti-143 13 cally significant ( years or older. The second (analysis 2) examined whether the operative mortality in patients ages 65 years or older could be explained by variables other than age. This analysis incorporated all 7658 patients in the CASS series who had isolated coronary artery bypass surgery, irrespective of age, and in whom complete information was available on all variables entered into the analysis. Table 3 lists the 23 variables entered into the discriminant analyses. In the second analysis, a separate variable for age 65 years or older was included in addition to the actual age of the patient. Two factors that appeared strongly associated with surgical mortality were not included: the duration of cardiopulmonary bypass and the priority of surgery. The duration of bypass may reflect technical difficulties encountered during the operation or the inability to
Duration of Hospital Stay
The duration of hospital stay after operation was assessed as a function of age in all survivors. After surgery, the time spent in the hospital by patients age 65 years or older (13.3 + 0.2 days, mean ± SEM)was significantly different from that of the CASS patients undergoing coronary artery bypass surgery who were younger than 65 years (11.4 + 0.9 days, mean ± SEM; p < 0.001). In the older age group, the mean number of days patients stayed in the hospital after operation significantly increased with age, although the actual difference in days was small ( *Score includes the number of positive responses to a history of cardiac failure, the use of diuretics, the use of digitalis, and the presence of pulmonary rales and an S3 gallop on the admission physical examination (possible score 0-5).
were associated with increased perioperative mortality (table 7) . These included an associated medical condition, current cigarette smoking, and a congestive cardiac failure score of 3 or higher. Other clinical and historical variables, such as sex, previous myocardial infarction, and previous anticoagulant therapy, were not related to perioperative mortality. The mortality in men was 4.7% (38 of 809), not significantly different from the 6.9% (19 of 277) mortality in women. Table 8 shows the relationship of the classification of angina to the perioperative mortality. A detrimental association was clearly evident between the groups of patients who had more severe forms of angina and the perioperative mortality.
Relationship Between Hemodynamic and Arteriographic Data
Hemodynamic variables that reflect left ventricular dysfunction are associated with a higher perioperative mortality (table 9). In this study, a cardiothoracic ratio of 0.50 or higher, a left ventricular end-diastolic pressure of 20 mm Hg or greater, and an ejection fraction of less than 50% were all associated with a significantly greater perioperative mortality. There was no statistically significant relationship between the left ventricular wall motion score and the perioperative mortality.
Perioperative mortality was also related to the extent and severity of coronary artery disease and the extent of involvement of the left main coronary artery (table  10) . Left main coronary artery stenosis of 50% or more but less than 70% was not associated with a higher mortality. This relationship between left main coronary artery stenosis and perioperative mortality is particularly striking in the patients with a left-dominant circulation.
There were no perioperative deaths in the nine patients with no significant coronary artery disease (that is, lesions of less than 70% stenosis in a given artery); the perioperative mortality was 5.7% (seven of 124) in patients with one-vessel disease and 3.8% (11 of 293) and 5.9% (39 of 660) in patients with two-vessel and three-vessel disease, respectively. The perioperative mortality was not significantly higher in patients with three-vessel disease than in those who had fewer vessels involved (5.9% vs 4.3%).
Relationship Between Surgical Variables and Perioperative Mortality
The urgency of surgery, not unexpectedly, was significantly associated (p < 0.005) with perioperative mortality. The mortality was 3.9% (30 of 768) in patients who underwent elective surgery, 6 .7% (16 of 240) in those who had urgent surgery, and 13.7% (10 of 73) in patients who had emergency surgery. The relationship between other surgical variables and perioperative mortality is presented in table 11. Not related er, prediction of death on the basis of these five variables alone could not be made accurately.
Analysis 2
So that we could ascertain whether age 65 years or older was an independent predictor of death after surgery, the second discriminant analysis entered those variables that were statistically significant (p < 0.001) on the basis of the F test. This analysis incorporated 7658 patients in the CASS series who underwent isolated coronary artery bypass surgery, irrespective of age, and in whom information was available on all 23 variables. Six variables entered into the discrimination, in the following order: congestive cardiac failure score, left main coronary artery disease in association with a left-dominant circulation, age 65 years or older, left ventricular wall motion score, sex and a history of unstable angina pectoris. Surprisingly, the variable "actual age of the patient" did not enter into the discriminant function, although the variable "age 65 years or older" did. Yes to the perioperative mortality were the duration of aortic cross-clamping, the number of grafts inserted per patient, and the number of distal anastomoses per patient.
Stepwise Linear Discriminant Analysis
Analysis I Of the 23 variables qualifying for entry into the linear discriminant analysis, five were selected by this technique to have contained the most predictive information. The most powerful was the presence of 70% or more stenosis of the left main coronary artery in association with a left-dominant circulation (p < 0.001). This was followed, in order of importance, by the left ventricular end-diastolic pressure (p < 0.001), a history of current cigarette smoking (p < 0.01), pulmonary rales on auscultation (p < 0.01), and the presence or a history of one or more associated medical diseases (p < 0.05). In any individual patient, howev-
Discussion
Although chronologic and physiologic ages are not necessarily in accord, the present study of coronary artery bypass surgery in the elderly was confined to patients age 65 years or older. Patients of this age constitute a growing segment of our productive population who may enjoy relatively good health apart from symptomatic coronary artery disease. 21 Major complications related to angiography are undoubtedly more common in older patients than in those younger than 65 years, and a similar conclusion was drawn in an analysis of 7553 CASS patients by Davis et al. 22 Yet, the overall mortality and incidence of nonfatal myocardial infarction in the older patients in this study are low, and apparently the risk of arteriography in patients 65 years or older is small. Other recent studies, which include patients in all age groups, report overall mortality rates comparable to that for the older patients in this analysis.23 '24 The risk of coronary artery surgery is generally accepted to be greater in older patients." 3, 4, 6, 8, [10] [11] [12] An impressive relationship between age and surgical mortality was shown by Kirklin and colleagues8 in an analysis of their results during 1977. In reports from 1973 to 1977, surgical mortality rates for isolated coronary artery bypass grafting in elderly patients ranged from 3.7% to 19%,1X. 6, 12 compared with rates of 0% and 1.6% in more recent reports.7, 9 The present study shows that coronary artery bypass grafting performed in older patients results in a relatively low but significantly higher mortality than when performed in patients younger than 65 years. Stratification of elderly patients into subgroups of smaller age ranges shows a trend toward increasing mortality with age. In contrast, in a multivariate analysis by Loop and colleagues,25 age did not affect surgical mortality adversely.
The duration of hospital stay after operation in survivors differed significantly between older and younger patients; nonetheless, the actual difference in days was small and economic impact was probably minor.
A further aim of this study was to define subgroups of patients (within the older age group) with specific clinical or angiographic characteristics that might identify favorable benefit-to-risk ratios. Older patients have a higher incidence of multiple chronic medical diseases,2" and the effect of this variable on perioperative mortality is readily explicable. The mechanisms whereby current cigarette smoking contributes to perioperative mortality are speculative. Continued cigarette smoking has been incriminated as a factor in the occlusion of grafts in the peripheral vascular circula-tion26 and is associated with shorter platelet survival.27 Cigarette smoking could also influence respiratory function and perioperative pulmonary complications.
Subgroups of patients at relatively low risk included those with stable angina pectoris, angina pectoris related strictly to exertion, and clinical and hemodynamic features reflecting good left ventricular function. This is in accordance with other studies. 25 28 31 Yet, when these data are compared with the overall CASS data, 10 "i the perioperative mortality is clearly higher in older than in younger patients, even within the lowrisk category.
Left main coronary artery stenosis has been associated with a higher perioperative mortality in other series. 2-35 The stnkingly high mortality in patients with left main coronary artery stenosis of 70% or more and a left-dominant circulation conforms to the overall CASS data.I' 34 Fortunately, this condition is uncommon; only 19 of 1086 patients (1.7%) undergoing isolated coronary artery bypass surgery in the present series had it.
The surgical mortality in our large series was approximately 2.5 times that observed in patients younger than 65 years. This raises the question: Are there measurable differences between these older patients and the younger patients who undergo operation, or is this simply a function of age per se? Table 2 clearly } illustrates that, with the exception of cigarette smoking, the incidence of variables associated with an increased perioperative mortality was manifestly higher in the elderly. The cohort of patients could be biased by the large number of elderly patients who are retired. In such patients, medical therapy may be advised more often for those at low risk, whereas surgery may be undertaken only when patients have more severe symptoms, when medical therapy has failed, or when patients are in a high-risk subgroup. Whether the difference in measured variables alone is sufficient to account for the substantially high mortality of bypass surgery in older persons is unproved but unlikely. Such a conclusion is reinforced by our linear discriminant analysis, which showed that age 65 years or older was an independent (but by no means the most powerful) predictor of surgical mortality in the overall CASS series. Thus, age itselfor other variables associated with age which we have not measured is an important predictor of surgical mortality. Furthermore, the inability of multivariate analysis to predict mortality with accuracy in any individual patient suggests that other, as yet unidentified, characteristics have some impact. We attribute the increased mortality of coronary artery bypass surgery to a combination of preoperative variables associated with a poor prognosis, in addition to other unidentified features that may be intrinsically related to aging. The marked discrepancy in mortality between our large series and others may reflect a difference in patient populations. Knapp et al.9 emphasized that patients older than 70 years differed little in the severity of preoperative variables from younger patients, both in their own institution and in other multicenter studies.29'36 This contrasts with the findings in the elderly patients in our series and underscores the different approaches to patient selection. By virtue of the size and design of the CASS registry, data from its patients are probably more representative of the elderly who undergo surgery and a more realistic reflection of the nation- al experience than are results from a single institution. The physician treating elderly patients should be cognizant of the greater risk of coronary artery bypass surgery in this population. Despite this caveat, the procedure is an established and useful part of therapy that need not be denied to symptomatic elderly patients with coronary artery disease. We are mindful that a collaborative experience need not necessarily dictate to an individual, but hope that this study will assist physicians in their assessment of the risks and benefits of coronary artery bypass surgery in symptomatic elderly patients with coronary disease.
testing during a 5-year follow-up period. The degree of revascularization was assessed by graft and native vessel angiography at 3 weeks, 1 year and 5 years after the operation.
The exercise tolerance of the medical group remained largely unchanged during the follow-up. Eightyfive to 95% of the patients were using /3-blocking compounds at the successive testing situations. The surgical group exhibited a sustained improvement in exercise tolerance: Total work increased by 3966% (p < 0.02-0.001) and maximal ergometric load by 23-35% (p < 0.01-0.001), and maximal ST depression decreased by 39461% (p < 0.05-0.001). The use of /-blocking compounds in the surgical group steadily increased, from 44% at 6 months after operation to 63% of patients at 5 years. Division of the surgical group into subsets of complete and incomplete revascularization revealed that the improvement was confined to. complete revascularization. Thus, the improved exercise tolerance after bypass surgery was a result of successful reestablishment of effective coronary perfusion; despite graft attrition (15% in 5 years) and new lesions in the native arteries, this improvement persisted for 5 years with appropriate medical therapy.
THE EFFECTIVENESS of coronary bypass surgery in alleviating symptoms in patients not satisfactorily controlled by medical therapy is generally recognized. 1 2 However, the long-term effectiveness of this treatment has been questioned because of graft attrition and progression of the disease in native arteries.3-' In this prospective, randomized 5-year follow-up study, we evaluated the persistence of improved exercise tolerance after surgery and the impact of the degree of revascularization. 
Patients and Methods

Selection of Patients
In summer 1973, we joined the European Coronary Surgery Study and tailored our angiographic services to channel patients consecutively into the trial as well as to match the demand for repeated postoperative coronary angiograms.6-1' In accepting patients for the randomized study, the following entry criteria were used'2: angina pectoris despite antianginal therapy with nitrates and ,/-blocking agents, males under 65 years of age, a positive exercise test (angina and -1 mm square-wave ST-segment depression), left ventricular (LV) ejection fraction exceeding 50%, at least twovessel disease as shown by coronary angiography (left main included), no other planned concomitant cardiac surgery, and coronary artery anatomy suitable for grafting. Patients with unstable angina were not included, but were offered bypass surgery.
From September 1973 to January 1976, primary selective coronary angiography was performed on 301 patients. The eligibility of the patients for the random-
